The autoimmune-prone BXSB/MpJ-Yaa mouse is a model of membranous proliferative glomerulonephritis (MPGN). Severe MPGN has been reported only in male BXSB/MpJ-Yaa mice because of the Y-linked autoimmune accelerator (Yaa) locus. However, we show that female BXSB/MpJ mice develop age-related MPGN without Yaa. Female BXSB/MpJ mice clearly developed MPGN characterized by increased mesangial cells, thickening of the glomerular basement membrane (GBM), double contouring and spike formation of GBM with T-cell infiltrations and podocyte injuries corresponding with increased autoantibody production and albuminuria. Analysis of the renal levels of the Fc gamma receptor (Fcgr) and interferon-activated gene 200 (Ifi200) family genes, which are MPGN candidate genes localized to the telomeric region of chromosome 1 (Chr.1), showed that Fcgr2b levels decreased, whereas Fcgr3 and Ifi202b levels increased in female BXSB/MpJ mice compared with healthy C57BL/6 mice. Furthermore, in isolated glomeruli, microarray analysis revealed that Fcgr3, Fcgr4 and Ifi202b expression was higher in male BXSB/MpJ-Yaa mice than in male BXSB/MpJ mice. These findings indicate that the BXSB/MpJ-type genome causes age-related MPGN with significant contribution from the telomeric region of Chr.1, and Yaa enhances the expression of genes localizing to this locus, thereby leading to severe MPGN in male mice.
INTRODUCTION
Systemic lupus erythematosus (SLE) is an autoimmune disease characterized by autoantibody production and complement-fixing immune complex (IC) deposition that result in tissue inflammation and damage. 1 SLE-related glomerulonephritis (GN) (lupus nephritis; LN) is one of the most common and severe complications of SLE with high mortality because of the risk of not only end-stage renal disease but also cardiovascular diseases. 1 Thus, understanding the pathophysiology of SLE and subsequent LN is important to improve the morbidity and mortality of patients.
Lupus-prone mice, such as NZB, (NZB Â NZW) F1 hybrid, BXSB/MpJ-Yaa and MRL/MpJ-lpr, are commonly used as spontaneous SLE models. 2 These strains develop systemic autoimmune diseases characterized by increased serum autoantibody levels and vasculitis, as well as membranous proliferative GN (MPGN) similar to human LN. 2 Recent studies have revealed susceptibility loci linked with the development of SLE in mouse models, such as Sle1-6, Lbw1-7, Sbw1-2, Nba1-3, Lprm1-5 and Mag. 3, 4 Sle1, Nba2 and Mag are linked to the development of GN, and Lbw7 is linked to autoantibody production and splenomegaly. Interestingly, these loci were mapped to the same telomeric region of chromosome 1 (Chr.1) in different inbred mouse SLE models. 3 The telomeric region of Chr.1 includes major immune-related genes such as those of the Fc gamma receptor (Fcgr) family and interferon (IFN)-activated gene 200 (Ifi200) family. 4 Fc gamma receptor proteins (FcgRs) recognize the Fc portion of immunoglobulin G (IgG) and have crucial roles in determining the response to deposited ICs. 5 Immune response activation through FcgR is caused by binding of ICs containing IgG to active FcgRs, such as FcgRIII and FcgRIV in mouse. 5, 6 FcgRs also negatively regulate immune responses; mouse FcgRIIB, which is the only inhibitory FcgR, takes balance of immune responses to deposited ICs. [5] [6] [7] We previously demonstrated that altered ratios of mouse FcgRIIB and FcgRIII in the kidney are strongly related to the development of autoimmune-mediated MPGN in congenic mice carrying the telomeric region of MRL/MpJ-type Chr.1 and C57BL/6-type background (B6.MRLc1 strain). 8 The Ifi200 family, including Ifi202b, Ifi203, Ifi204 and Ifi205, consists of genes induced by IFNs. 9 These genes encode highly homologous proteins and are suggested to have important roles in the regulation of cellular growth, differentiation, survival and death. [9] [10] [11] Recent studies using B6.MRLc1 and BXSB/MpJ-Yaa mice clarified that renal Ifi202b expression increased with the development of autoimmunemediated MPGN. 12, 13 BXSB/MpJ-Yaa mice carry a mutant gene located on the Y chromosome, namely, Y-linked autoimmune acceleration (Yaa), and it was thought that only males show severe MPGN. 14 We have previously demonstrated that BXSB/MpJ-Yaa mice develop glomerular lesions with decreased functional podocyte proteins, thereby leading to proteinuria subsequent to the formation of 1 tubulointerstitial lesions. 15, 16 Interestingly, the C57BL/6-type background congenic strain carrying Yaa does not develop an autoimmune phenotype. 17 These findings indicate that Yaa in a BXSB/MpJ genomic background is associated with the disruption of autoimmunity. Furthermore, Haywood et al. 12 used male backcrosses between BXSB/MpJ-Yaa and C57BL/10 to identify six autosomal loci (Bxs1-6) that have important roles in susceptibilities of mortality, autoantibody production, splenomegaly and MPGN. In particular, similar to Sle1, Lbw7, Nba2 and Mag, Bxs3 localizes to the telomeric region of BXSB/MpJ-type Chr.1, which includes the coding regions of Fcgr2b, Fcgr3, Fcgr4 and Ifi202b, and also closely links to the development of autoantibody production, splenomegaly and GN. 12 In this study, we found age-related MPGN development with increased autoantibody production and albuminuria in female BXSB/MpJ mice, thereby indicating that the BXSB/MpJ-type genome alone can lead to an autoimmune state. Furthermore, the expression of GN candidate genes on the telomeric region of Chr.1, such as Fcgr3 and Ifi202b, was significantly altered in the kidney of female BXSB/MpJ mice and drastically increased in the glomerulus of male BXSB/MpJ-Yaa mice. We concluded that the BXSB/MpJ-type genome causes MPGN with significant contribution of the telomeric region of Chr.1, and Yaa enhances the expression of GN candidate genes localizing to this locus, thereby leading to severe MPGN in males.
RESULTS

Clinical parameters of female BXSB/MpJ mice
We analyzed the spleen/body weight ratio, serum levels of antidouble-strand DNA (dsDNA) antibody, serum blood urea nitrogen (sBUN) levels, serum creatinine (sCre) levels and urine albumin creatinine ratio (uACR) in female BXSB/MpJ mice at 2, 7, 10 and 13 months of age to assess the systemic autoimmune conditions and renal functions ( Table 1) . The spleen/body weight was significantly higher at 13 months than that at 2 months. Although no significant increase was detected in the sBUN and sCre levels between 2 months of age and other ages, the uACR and antidsDNA antibody levels significantly increased from 7 months onward. All examined parameters were the highest at 13 months of ages.
Glomerular histopathology in female BXSB/MpJ mice The glomerular histopathology in female BXSB/MpJ mice was examined in the kidney sections stained by periodic acid-Schiff or periodic acid methenamine silver. Female BXSB/MpJ mice developed MPGN from 7 months of age, which was characterized by glomerular hypertrophy, increased mesangial cells and their matrix (Figures 1b-d) , and thickening of the glomerular basement membrane (GBM) (Figures 1g and h) . Furthermore, the GBM of female BXSB/MpJ mice formed spike-like structures, and mesangial interposition was observed between the double contouring GBM at 10 and 13 months of age (Figures 1g and h) . No glomerular lesions were observed at 2 months of age (Figures 1a and e) .
The glomerulus damage score (Figure 1i ) and cell number in one glomerulus (Figure 1j ) significantly increased from 7 months, and the thickness of the GBM (Figure 1k ) increased from 10 months of age.
Immune cell infiltration of the glomerulus of female BXSB/MpJ mice The glomerular infiltration of immune cells in female BXSB/MpJ mice was assessed by immunohistochemistry for CD3 (T-cell marker) and B220 (B-cell marker). CD3-positive cells were observed in the glomerulus as well as the tubulointerstitium at 13 months (Figure 2b ) but not at 2 months of age (Figure 2a) . Comparatively, B220-positive cells were scarcely observed in female BXSB/MpJ mice at 2 and 13 months of age (Figures 2c  and d) . In histoplanimetry, the number of CD3-positive cells in the glomerulus was significantly higher at 13 months than at 2 months of age (Figure 2e) . Consistent with the histological observation, the number of B220-positive cells in the glomerulus was quite low at both 2 and 13 months of age.
Glomerular ultrastructure in female BXSB/MpJ mice The glomerular ultrastructure of female BXSB/MpJ mice was analyzed at 2 and 10 months by using transmission electron microscopy. Female BXSB/MpJ mice at 2 months of age showed clear cytopodium (foot process), which is also known as secondary process (Figures 3a and c) . At 10 months of age, foot processes showed irregular arrangements with hypertrophy and partial fusions (Figures 3b and d) . Furthermore, at 10 months of age, the GBM was thickened and wrinkled (Figures 3b and d) , and high electron-dense deposits resembling ICs were observed at the subendothelial regions (Figure 3b , asterisk) and in the doublecountered GBM (Figure 3d ).
Podocyte injuries in female BXSB/MpJ mice The localization of podocyte functional molecules (nephrin, podocin and synaptopodin) was examined by immunostaining ( Figure 4 ). Linear-positive immunofluorescence reactions for nephrin, podocin and synaptopodin were observed along the glomerular capillary rete in female BXSB/MpJ mice at 2 months (Figures 4a, c and e) . In contrast, those at 13 months of age tended to be faint, showed partial granular patterns and localized to the glomerular edge rather than the center (Figures 4b, d and f) . In histoplanimetry, the relative positive areas of these molecules in the glomerulus were significantly smaller at 13 months than at 2 months (Figure 4g ). On the other hand, no apoptotic podocyte was detected in the glomerulus at any age by immunohistochemistry for single-strand DNA (data not shown).
GN candidate gene expression in the kidney of female BXSB/MpJ mice Figure 5a is a schematic of murine Chr.1. The common region of autoimmune GN-associated loci (indicated by black bars) such as Sle1, Lbw7, Nba2 and Mag includes the autoimmune-mediated GN candidate genes such as the Fcgr family including Fcgr2b and Table 1 . Clinical parameters of female BXSB/MpJ mice Spleen/body weight dsDNA (mg ml Fcgr3, and the Ifi200 family including Ifi202b. 8, 12, 13 The expression levels of Fcgr2b and Fcgr4 were significantly lower, and that of Fcgr3 was significantly higher in the kidney of female BXSB/MpJ than of female C57BL/6 mice (Figures 5b-d) . Furthermore, the renal Fcgr3/Fcgr2b ratio of female BXSB/MpJ mice was significantly higher than that of female C57BL/6 mice ( Figure 5e ). The renal Ifi202b expression level in female BXSB/MpJ mice was significantly higher than that of female C57BL/6 mice ( Figure 5f ).
Contribution of Yaa to the expression of genes coded by telomeric region of Chr.1 in male BXSB/MpJ mice Table 2 shows the clinical parameters of male BXSB/MpJ and male BXSB/MpJ-Yaa mice at 4 months of age. Because male BXSB/MpJ-Yaa mice developed MPGN with individual differences, they were divided into three groups (no clinical sign, mild stage and severe stage) according to the uACR levels ( Table 2) . Male BXSB/MpJ-Yaa mice in the mild group showed significantly increased uACR levels, but not sBUN and sCre compared with male BXSB/MpJ mice ( Table 2 ). uACR levels of male BXSB/ MpJ-Yaa were drastically elevated in the severe stage group compared with the other groups as well as female BXSB/MpJ mice (Table 1) .
To analyze the contributions of Yaa to the expression of genes localizing to the telomeric region of Chr.1, we comprehensively compared the glomerular mRNA expression between male BXSB/MpJ and male BXSB/MpJ-Yaa mice in the mild group by microarray analysis (Table 3) . Table 3 lists only the genes showing significantly changed expression in male BXSB/MpJ-Yaa mice compared with male BXSB/MpJ mice. In particular, genes belonging to the Fcgr family (Fcgr2b, Fcgr3 and Fcgr4) and Ifi200 family (Ifi202b, Ifi203 and Ifi204) were significantly upregulated in male BXSB/MpJ-Yaa compared with male BXSB/MpJ mice. DISCUSSION SLE is an autoimmune disorder involving the deposition of IC or direct autoantibody deposition onto multiple organ systems, including the kidney, skin, lung, heart, hematopoietic system and brain.
18 SLE-related MPGN, known as LN, which leads to severe persistent proteinuria, chronic renal failure and end-stage renal disease, remains one of the most severe complications of SLE and is associated with significant morbidity and mortality. 18 It has been suggested that the glomerular IC depositions in LN cause glomerular lesions such as mesangial cell proliferation and GBM thickening, which lead to proteinuria and subsequent tubulointerstitial lesions. 18, 19 BXSB/MpJ-Yaa is one of the common spontaneous murine models of autoimmune-mediated MPGN, and it has been considered that only the males show severe MPGN because of the Yaa gene on the Y chromosome. 20 We previously demonstrated that male BXSB/MpJ-Yaa mice at 3 months of age clearly show MPGN associated with glomerular IC depositions; no lesions were observed in females at the same age. 15, 16 Therefore, the pathophysiology of the BXSB/MpJ-Yaa strain has been reported in males but not in females. The present study clarified that female BXSB/MpJ mice clearly develop autoantibody production and MPGN with mild albuminuria characterized by glomerular hypertrophy, increased mesangial cells and their matrix and thickening of GBM at 7 months of age. At 10-13 months, these glomerular lesions become severe with glomerular IC depositions and podocyte injuries. These findings demonstrated for the first time that aged female BXSB/MpJ mice clearly develop MPGN similar to human LN and indicated that the BXSB/MpJ-type genome could cause autoimmune-mediated MPGN without the contribution of Yaa.
In relation to several clinical and experimental autoimmune diseases, sex hormones or chromosomes are considered to be directly responsible for sex-related differences of SLE-related symptoms, such as typical skin lesions, serositis and renal disease; more serious deterioration is observed in females than in males. 21 We also reported the sex-related differences of autoimmune-mediated MPGN in B6.MRLc1 mice because of sex hormones. 22 Indeed, unlike female BXSB/MpJ mice, male BXSB/MpJ mice that do not carry Yaa develop neither autoimmune symptoms nor renal disease at 12 months of age (Supplementary Figure 1 and Supplementary Table 1) . Without Yaa contribution, the BXSB/MpJ-type genome might cause more severe autoimmune-mediated MPGN in females than in males because of sex-related differences in immunity.
Bxs3, a GN susceptibility locus on Chr.1 of BXSB/MpJ-Yaa mice, contains the coding genes of FcgRs, which are key molecules in the pathogenesis of GN in both mouse and human. 8, 23, 24 Briefly, we have demonstrated that the congenic mice containing the MRL/MpJ-type Fcgr locus develop imbalanced expression of inhibitory Fcgr2b and active Fcgr3 in the kidney and immune organs, which influences the pathogenesis of autoimmunemediated MPGN. 8 In the present study, Fcgr2b downregulation and Fcgr3 upregulation were demonstrated in female BXSB/MpJ mouse kidneys. In the mouse kidney, FcgR-positive reactions were detected in the glomerular mesangial regions. 8 Glomerular mesangial cells participate in the regulation of the glomerular filtration rate and in glomerular pathogenesis. 25 Furthermore, Radeke et al. 26 demonstrated that normal murine mesangial cells mainly expressed FcgRII rather than FcgRIII, and that stimulation by proteins such as IFNg caused downregulation of FcgRII, activation of FcgRIII and induction of chemokine productions. Interestingly, previous sequence analysis identified a haplotype defined by deletions in the Fcgr2b promoter region that is present in major lupus-prone mouse strains including NZB, BXSB/MpJ-Yaa and MRL/MpJ. 27, 28 According to Pritchard et al., 29 the polymorphism is associated with reduced expression of FcgRIIB and subsequent failure of FcgRIIB-mediated negative immune regulation of activated lymphocytes, thereby leading to immune hyperactivity in these strains. From these findings, the altered balance of inhibitory and active FcgRs in mesangial cells might also contribute to the pathogenesis of MPGN in female BXSB/MpJ mice through altered local production of chemokines or cytokines.
The Bxs3 locus also contains Ifi200 family genes, 12 and elevated Ifi202b expression was reported in the kidneys of several GN models such as NZB/WF1, MRL/MpJ-lpr and B6.MRLc1. 13 In the present study, Ifi202b was also overexpressed in the kidneys of female BXSB/MpJ mice. Furthermore, previous microarray analysis revealed that Ifi202b is overexpressed in male B10.Yaa.Bxs2/3 mice, which possess the telomeric region of BXSB/MpJ-type Chr.1.
12 Therefore, Ifi202b might also be a candidate gene for autoimmune-mediated GN susceptibility in female BXSB/MpJ mice.
The Ifi202b protein is generally induced by IFNs in cells such as bone marrow, fibroblasts, lymphocytes and myoblasts, and has been suggested to contribute to the regulation of cellular differentiation, proliferation and survival by controlling the activities of several transcription factors. [9] [10] [11] 30 In the present study, the number of T cells increased in female BXSB/MpJ 31 demonstrated that the stimulation of both a mouse T-cell hybridoma cell line (2B4.11) and T cells derived from lupus-prone NZB upregulate the Ifi202b expression, in part, through the JNK/c-Jun pathway. On the basis of these findings, we proposed that the close correlation between renal overexpression of Ifi202b and infiltrating inflammatory cells exacerbates the pathological condition of MPGN in female BXSB/MpJ mice similar to other lupus-prone mice.
In our previous study, we observed infiltrating B cells in the glomerulus of male BXSB/MpJ-Yaa mice, although they were scarce in the lupus-prone B6.MRLc1 16 and female BXSB/MpJ mice. Therefore, we considered that the Yaa locus contributes to glomerular B-cell infiltration, leading to the severe MPGN in male BXSB/MpJ-Yaa mice. Recently, the Yaa mutation was identified to be a translocation from the telomeric end of the X chromosome onto the Y chromosome. 32 The duplicated segment contains at least 19 genes, including the toll-like receptor (TLR) family and phosphoribosyl pyrophosphate synthetase; Tlr7 gene duplication has a crucial role in the activation of autoreactive B cells, thereby contributing to the Yaa-mediated enhancement of the autoimmune phenotype. 32 Studies of lupus models have demonstrated that infiltrating B cells in the kidney secrete antibodies with various antigen specificities, which contribute to increased in situ ICs. 33 Interestingly, it has also been suggested that infiltrating B cells have a role in secreting proinflammatory cytokines such as tumor necrosis factor-a, interleukin-6 and IFNs, thereby contributing to the local development of autoimmune diseases, including inflammatory bowel disease, experimental autoimmune encephalomyelitis and collagen-induced arthritis. [34] [35] [36] [37] [38] [39] In addition, the GN candidate genes coded by the telomeric regions of Chr.1, including Fcgr3 and Ifi202b, were upregulated in the kidney of male BXSB/MpJ-Yaa mice in the mild stage. Interestingly, the overexpression of Fcgr4 was also noted in male BXSB/MpJ-Yaa mice, but not male and female BXSB/MpJ mice. In mice, FcgRIV has been, more recently, identified as an active FcgR, which is homologous with human FcgRIIIA, and suggested to have similar functions as mouse FcgRIII. 40 Taken collectively, these findings suggest that Yaa contributes to the hyperactivation of autoreactive B cells infiltrating the glomerulus and the further overexpression of the telomeric regions of Chr.1, including Fcgr3, Fcgr4 and Ifi202b in mesangial cells and infiltrating T cells, thereby contributing to the exacerbation of the autoimmune status and subsequent severe MPGN in male BXSB/MpJ-Yaa mice.
In conclusion, female BXSB/MpJ mice developed age-related MPGN with autoantibody production and albuminuria similar to human SLE, thereby indicating that the BXSB/MpJ-type genome could cause an autoimmune state without Yaa contribution. The expression of MPGN candidate genes on the telomeric region of Chr.1 was significantly altered in the kidney of female BXSB/MpJ mice and was drastically induced in the glomerulus of male BXSB/ MpJ-Yaa mice. Therefore, we considered that the BXSB/MpJ-type genome causes MPGN with strong contribution from the telomeric region of Chr.1, and Yaa enhances the expression of genes localizing to this locus.
MATERIALS AND METHODS
Animals and sample preparations
Experimental animals were handled according to the 'Guide for the Care and Use of Laboratory Animals' of Hokkaido University, Graduate School of Veterinary Medicine (approved by the Association for Assessment and Accreditation of Laboratory Animal Care International). Female BXSB/MpJ mice (2-13 months) and male BXSB/MpJ and BXSB/MpJ-Yaa mice (4 months) were purchased from Japan SLC Inc. (Shizuoka, Japan). All mice were maintained under specific pathogen-free conditions. The animals were subjected to deep anesthesia (60 mg kg À 1 pentobarbital sodium intraperitoneally administered) and urine was collected by bladder puncture. After urine collection, the mice were killed by exsanguination from the carotid artery, and serum and kidneys were collected. The kidneys were fixed by 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4) or 2.5% glutaraldehyde in 0.1 M phosphate buffer at 4 1C for histopathological analysis. Paraformaldehyde-fixed paraffin sections (2 mm thick) were then prepared and used for periodic acid-Schiff and periodic acid methenamine silver staining, or immunostaining. Remaining renal tissue was stored in RNAlater solution (Life Technologies, Carlsbad, CA, USA).
Histological analysis
To assess the severity of GN, semiquantitative glomerular damage scoring was performed as described previously. 16 Details of the procedures are described in the Supplementary Material.
Glomerular isolation
Mice glomeruli were isolated by a bead perfusion method. 16 Briefly, 40 ml of Hanks' balanced salt solution containing 8 Â 10 7 Dynabeads (Life Technologies) was perfused from the left ventricle. The kidneys were removed and digested in collagenase (1 mg ml À 1 collagenase A (Roche, Basel, Switzerland) and 100 U ml À 1 deoxyribonuclease I (Life Technologies) in Hanks' balanced salt solution) at 37 1C for 30 min. The digested tissue was gently pressed through a 100-mm cell strainer (BD Falcon, Franklin Lakes, NJ, USA) using a flattened pestle, and the cell suspension was centrifuged at 200 g for 5 min. The cell pellet was resuspended in 2 ml Hanks' balanced salt solution. Finally, glomeruli containing Dynabeads were collected using a magnetic particle concentrator (Life Technologies).
Serological and urinary analysis
To evaluate the systemic autoimmune condition, serum levels of antidsDNA antibody were measured using the mouse anti-dsDNA Ig (Total A þ G þ M) ELISA it (Alpha Diagnostic International, San Antonio, TX, USA). To evaluate renal function, sBUN and sCre levels in all animals were measured using Fuji Drichem 7000v (Fujifilm, Tokyo, Japan). The uACR levels were determined using Albuwell M and the Creatinine Comparison (Exocell, Philadelphia, PA, USA). The BXSB/MpJ-Yaa were divided into groups depending on their uACR levels: no clinical signs (o100 mg mg À 1 ), mild stage (101-250 mg mg À 1 ) and severe stage (4250 mg mg À 1 ).
Immunohistochemistry and histoplanimetry
Immunostaining for nephrin, podocin, synaptopodin, CD3 and B220 was performed according to the procedure shown in Table 4 . Details of the procedures are described in the Supplementary Material. To evaluate T-and B-cell infiltration into the glomeruli, the number of CD3-and B220-positive cells was counted. In these measurements, 20 glomeruli were counted in one kidney section in each group (nX3), and the values were expressed as means. Quantification of positive immunohistochemical reactions of podocyte functional molecules was performed as described previously. 6 Briefly, the glomerulus area and black pixels of a positive reaction were measured, and the number of pixels per area was calculated for each protein using the BZII-Analyzer (Keyence, Osaka, Japan).
Immunofluorescence
Immunofluorescence analysis of nephrin, podocin and synaptopodin was performed according to the procedure shown in Table 4 and the Supplementary Material. The sections were examined using a fluorescence microscope (BZ-9000; Keyence).
Electron microscopy
Ultrastructural analysis was performed after fixation with 2.5% glutaraldehyde in 0.1 M phosphate buffer for 4 h. Small pieces of kidney tissue were fixed with 1% osmium tetroxide in 0.1 M phosphate buffer for 2 h, dehydrated by graded alcohol and embedded in epoxy resin (Quetol 812 Mixture; Nisshin EM, Tokyo, Japan). Ultrathin sections (70 nm) were double stained with uranyl acetate and lead citrate. All samples were observed using a JEOL transmission electron microscope (JEM-1400plus; JEOL, Tokyo, Japan).
Reverse transcription and real-time PCR
To examine mRNA expression, total RNA from renal tissue was purified using TRIzol reagent (Life Technologies). Total RNAs were synthesized to cDNAs by using a reverse transcription reaction, ReverTra Ace reverse transcriptase enzyme (Toyobo, Osaka, Japan) and oligo-dT primers (Life Technologies). Each cDNA was used for real-time PCR using Brilliant III SYBR Green QPCR master mix and Mx3000P (Agilent Technologies, La Jolla, CA, USA). The gene expression levels were normalized to the housekeeping gene actin beta (Actb). The primer pairs are shown in Table 5 .
Microarray analysis
Total RNA from isolated glomeruli of mild stage male BXSB/MpJ and BXSB/MpJ-Yaa mice was purified using an RNeasy Mini Kit (Qiagen, Hilden, 
Statistical analysis
The results are displayed as the mean ± standard error (s.e.) and were statistically analyzed using a nonparametric Mann-Whitney U-test (Po0.05). The correlation between two parameters was analyzed using Spearman's rank correlation test (Po0.05).
